Purpose: The present article has investigated the added value of ultrasound (US) guidance on improving the efficacy of local triamcinolone injection via comparing two US-guided methods versus a conventional landmark-guided approach. Methods: Eighty-one subjects with mild or moderate CTS were included and randomly assigned into three categories including landmark-guided, conventional US-guided midline approach and US-guided ulnar in-plane method. Primarily, participants in the three groups were relatively similar in terms of demographics and their clinical variables comprising visual analog scale (VAS) for pain, pain-free grip strength (PFGS), Boston CTS questionnaire (BCTQ), EDX parameters, and cross-sectional area (CSA) of median nerve measured by ultrasonography. Ten weeks after injection, the changes of clinical and para-clinical outcomes were reassessed for 76 patients who finished the study. Results: Our findings showed that all three injection methods were associated with a significant and relatively similar improvement in clinical and electrodiagnostic parameters. The post-injection evaluation showed a statistically significant change in all variables except for symptom severity score (SSS) of BCTQ. The best effect-size values were observed for VAS [56%] and functional severity scale (FSS) of BCTQ [42%], both reported in the US-guided midline group. However, no significant difference was found between the groups regarding their improvement in any of the outcome variables (P value >0.05). Conclusion: Based on the current data, all three injection methods were effective in improving electrodiagnostic findings and clinical symptoms of CTS. Although all approaches were relatively similar, US-guided midline approach was associated with slightly better outcomes.
Introduction
Carpal tunnel syndrome (CTS) or focal distal neuropathy of median nerve is the most prevalent nerve entrapment. 1 Subjects often present with numbness, paresthesia or pain in radial-side fingers or palm; weakness and atrophy might occasionally occur in advanced cases. 2, 3 CTS is associated with the second-longest average time away from work and its costs are estimated to be $30,000 US per worker in the United States of America. 2, 4 EDX has traditionally been used as the gold standard test. There are multiple therapeutic options for this condition and surgical release of the retinaculum has been approved for moderate to severe grades. 5 Non-operative choices could be applied in earlier grades. 6 Some of these conservative options are oral medications like non-steroidal anti-inflammatory drugs (NSAIDs), resting wrist splint, physical agent modalities, and local injections including corticosteroid and plateletrich plasma (PRP). [7] [8] [9] [10] [11] Local corticosteroid injection has been approved as one of the most common conservative therapies which are still the best choice for rapid symptom relief. [12] [13] [14] [15] The injection could be performed through multiple approaches. Owing to the wide variety of injection protocols in different trials, one may argue over what the best approach is, yet ultrasonography (US) with real-time images could be a perfect method for musculoskeletal procedures. This is especially true for CTS injections in which US-guided methods have had promising results. [15] [16] [17] [18] [19] [20] [21] This article has investigated the added value of ultrasound (US) guidance on improving the efficacy of local triamcinolone injection via comparing two US-guided methods versus a conventional landmark-guided approach in a longitudinal observational study.
Methods Participants
Among the patients who presented or referred with CTS symptoms to our electrodiagnosis (EDX) clinic of Shohada-e-Tajrish hospital from April 2018 until September 2018, 132 subjects were enrolled out of 700 subjects. Firstly, the diagnosis, as well as the severity grade, was confirmed using EDX. 22 Only patients between 18 and 65 years of age with mild or moderate grades of CTS who had symptoms lasting for at least 3 months were included. The exclusion criteria included pregnancy, severe CTS grade in EDX or thenar atrophy, history of diabetes mellitus, rheumatoid arthritis or thyroid disorders, prior relevant surgery or hand trauma, any local injection in the wrist during the last 6 months, and active cervical radiculopathy or other peripheral neuropathies in the upper extremity. Concerning the cases of bilateral hand involvement, we only included the worse side and the other side was excluded. The written informed consent was obtained from all subjects. Also, the ethics committee of Shahid Beheshti University of Medical Sciences approved the study protocol (No: IR.SBMU.MSP.REC.1396.534).
Interventions
In the next step, 81 eligible participants were randomly divided into three categories of equal size (27 people in each group) using a mobile application for random number generation. "In this study, we chose three popular injection methods based on the current literature. Every patient underwent a single injection of 40 mg triamcinolone through one of the following approaches: A) the conventional landmark-guided method of the midline, B) US-guided longitudinal midline in-plane approach, and C) US-guided ulnar in-plane method. The injections in groups B and C were performed via in-plane guidance of US [ Figure 1A and B] using a 5-12 MHz linear array transducer of US machine (Philips ® HD6 machine). In the blind conventional method, the wrist was placed on the table in supination and dorsiflexion. A 25-G needle was inserted just before the distal wrist crease between tendons of palmaris longus (PL) and flexor carpi radialis (FCR) at 45 degrees angle in the volar surface while subjects were lying in the supine position. After skin preparation under sterile conditions, 1.5 inches of the needle tip was placed just at the radial-side of PL tendon in groups A and B; and ulnar to PL in group C. A mixture of 1 mL of triamcinolone 40 mg plus to 1 mL of lidocaine 2% was injected into the carpal tunnel. In the midline in-plane US-guided approach, we placed the wrist on the same position and same needle features but the injection was done under the guidance of ultrasonography above the median nerve. Lastly, in the ulnar in-plane US-guided approach, the wrist was placed on the table in the same position as above mentioned and the injection was done at tunnel inlet from ulnar side lateral to ulnar artery, below the median nerve.
All injections were performed by an expert physiatrist [SM.R] with 22 years of expertise in the musculoskeletal injection field. Subjects were asked to remain in the hospital for 30 mins to check any probable adverse event. Figure 1 US-guided injections with demonstration of needle tip (long arrow) along with median nerve (short arrow) just before the carpal tunnel inlet. a) Ulnar inplane approach: in this method, the wrist was placed on the table in slightly dorsiflexed and supinated position and the injection was done at tunnel inlet from ulnar side lateral to ulnar artery, below the median nerve. b) Midline in-plane approach: in this method, we placed the wrist on the same position as above mentioned and the same needle features but the injection was done above the median nerve.
They were instructed to wear a night-time prefabricated wrist splint for 10 weeks and also use only acetaminophen tablets as pain-killer, if necessary, within the first 48 hrs of injection. To remind patients and improve their adherence to protocol, a senior resident of physical medicine and rehabilitation [M.AD] was responsible for making a regular phone call every week after the injection. In this single-blinded randomized parallel trial, the assessor physicians were unaware of the groups. This investigation was registered in the Iranian Registry of Clinical Trials (IRCT) with the ID number of IRCT20130523013442N25.
Outcome Measures
Demographic and anthropometric characteristics of the participants such as age, gender, height, weight, body mass index (BMI), wrist circumference, and the severity grade were recorded. Our outcome measuring tools included clinical and para-clinical variables; clinical parameters were as follows: (1) visual analogue scale (VAS) for pain that was a 10-score scale in which "0" designated no pain, while "10" was an indicator of the worst pain ever experienced, (2) pain-free grip strength (PFGS) per kilogram assessed using a dynamometer, and (3) Boston CTS questionnaire (BQ) in two parts of symptom severity scale (SSS) and functional severity scale (FSS) with 11 and 8 questions of 5-choice response, respectively; higher scores had more severity. These three variables were our primary outcome measuring tools.
As the secondary outcomes, electrophysiologic and imaging features of disease were assessed in terms of US-measured nerve cross-sectional area (CSA) and some quantitative parameters of EDX. The latter included the amplitude (amp) and latency (lat) of sensory nerve action potential (SNAP), amp and latency of compound motor action potential (CMAP), and nerve conduction velocity (NCV). The EDX was done utilizing an electromyography machine (Medelec Synergy ® , Manor Way, UK) by surface electrodes and a standard technique based on the American Association of Electrodiagnostic Medicine (AANEM) criteria established in 1999. A well-known neurophysiologic grading system was applied to determine mild and moderate CTS. 22 The diagnostic US for measuring nerve CSA was conducted by another experienced physiatrist [SA.R] who was blinded to the subjects' categories. US probe was placed at the level of pisiform just before the carpal tunnel inlet [ Figure 2 ]. Nerve CSA was measured by placing electronic calipers around the inner margin of the nerve sheath just inside the hyper-echoic line. The measurements were repeated three times and the mean value was recorded as the final CSA. Ten weeks after injection, all clinical and para-clinical changes of patients who finished the study were reassessed. Finally, the data gathered were analyzed in SPSS Statistics V22 using Chi-square, oneway ANOVA, student's and paired t-tests. The significant level was set at P < 0.05.
Results
A total of 81 participants with the majority of moderate cases were included, among which five subjects did not continue the study due to personal reasons unrelated to our injections [ Figure 3 ]. Eventually, 76 patients remained till the 10 th -week visit [23, 27 and 26 patients in groups A, B, and C, respectively]. Primarily, all three groups were quite similar regarding their demographic and anthropometric parameters, as well as the severity grade; and no statistically significant difference was observed [ Table 1 ].
Regarding the pre-and post-treatment comparisons of our clinical parameters, a significant improvement was found within all three groups except for CSA measurement that did not reveal any dramatic change in two of the groups (A and C). In other words, the only significant change in nerve size was related to US-guided midline in-plane approach [from 0.177 to 0.128; MD=0.49 mm 2 ; P=0.000]. Moreover, improvement in symptom severity score (SSS) of Boston questionnaire was not statistically significant in any group [ Table 2 ]. Overall, among all clinical variables, significant improvement was observed for VAS, PFGS, and BQ-FSS within all three groups, as well as significant CSA decline in group B (Midline in-plane US-guided approach). The rest of pre-and post-injection comparisons for EDX variables have been shown in Table 3 . As it could be found, all EDX variables were generally associated with significant improvement. SNAP "latency" and "amplitude" revealed significant changes with all three methods. Similarly, motor-fibers parameters including CMAP amp, latency and NCV showed a dramatic improvement in all groups.
Regarding between-groups comparisons, there was no significant difference among the three groups. The corresponding effect-size in terms of mean difference (MD) has been also demonstrated in Table 4 . Except for two variables (CSA and SSS) which did not reveal significant changes, the best MD values with their percentage of changes have been indicated in each row. has been observed in ulnar in-plane approach. As could be found, the best efficacy among EDX parameters was associated with SNAP amp [41%], while the best effect-size of clinical variables was detected for VAS [56%]. Also, it should be pointed out that the blind approach only achieved the maximum improvement of PFGS [MD=5.56; 24%]. Finally, it should be kept in mind that during this observational study our approaches brought about no serious adverse events.
Discussion
In this study, we investigated three injection approaches for CTS treatment including landmark-guided method, US-guided ulnar and midline approaches. Developing these new approaches under guidance of high-resolution US machines could theoretically improve the accuracy and subsequently the efficacy of CTS injections. Our three groups were associated with significant improvement lasting for at least 10 weeks. Overall, the improvement of clinical variables such as FSS and VAS for pain was higher than that of US and EDX parameters. Moreover, no remarkable difference between the groups was observed. It might have various underlying causes which have prevented to detect any significant superiority. Here, we intend to discuss some of these important factors in common with other similar articles.
Among similar studies, Babaei-Ghazani et al, compared the clinical effectiveness of ultrasound-guided local triamcinolone injection "above" versus "below" the median nerve in CTS patients. 23 They found that all outcome measures such as VAS, Boston questionnaire, EDX and US parameters improved significantly in both groups at 6 weeks, and these improvements were persevered up to 12-week follow-up. However, there was no significant difference in measured outcomes between the two groups in that study, exactly similar to our findings. One simple reason might be that the injections and the interventional procedures were performed only by experienced physicians, and not merely on the basis of US guidance. Therefore, in the future studies, the covariate analysis of "physicians' expertise" on the added value of US guidance for injection precision should be evaluated. In another study, Ustun et al, evaluated two parallel methods for local methylprednisolone injections in 46 CTS patients: a landmark-guided ulnar approach versus the US-guided ulnar out-plane method. Their follow-up moments were 6 and 12 weeks after injection. Although both methods were significantly effective in symptom relief and improved patients' function, the investigators finally found an earlier onset and better improvement for the US-guided approach in comparison to the blind one. 24 Another study performed by Karaahmet et al, investigated 40 CTS patients in two categories: 21 participants received steroid injection throughout the US-guided approach, while 19 subjects underwent the blind local injection. After 4 week follow-up, they concluded that US-guided injections might yield more effective results with earlier onset than the conventional landmark-guided method of injection. Unlike our findings, these two researches [Ustun 24 and Karaahmet 25 ] observed a definite superiority in favor of US-guided approach over the blind injection method. However, in contrast to our results, the latter study included only severe cases of CTS, then this conclusion could not be generalized to all grades of CTS. 25 As the results showed (Table 4 ), VAS and the functional scale of Boston questionnaire had the highest amount of changes (56% and 42%, respectively), both of which belong to the midline in-plane group. Additionally, the only method which resulted in a significant decline of nerve size in US measurements was again the US-guided midline approach. In spite of all that, no dramatic superiority was found for a specific group regarding any parameter.
Besides, more accurate evaluations revealed that the VAS improved dramatically in all three groups, while symptom severity score (SSS) of Boston questionnaire did not significantly change. Considering the uniformity of questionnaire that makes the inter-rater bias negligible, it seems that there should be another explanation for this inconsistency. Since previously mentioned, the SSS has 11 questions which measure all related CTS symptoms including paresthesia, weakness, grip strength and pain, while pain is the only question in VAS assessment. Thus, we can state that the injections were associated with a significant change in terms of pain relief, much more than improvement in other symptoms. Eventually, Lee et al, performed a steroid injection trial via three approaches: ulnar in-plane, ulnar out-plane, and blind methods. They followed-up their patients at 4 th and 12 th -week intervals. These researchers concluded that the US-guided ulnar approach was associated with better outcomes than the other two methods. 26 Lastly, Eslamian et al, studied 60 CTS subjects in two equal groups: blind injection of local methylprednisolone versus US-guided ulnar in-plane approach. They followed their patients for 3 months and proved that in spite of the significant changes in both groups, there was no significant difference between them, 27 closely similar to our findings. However, they did not compare these results versus a more popular midline in-plane approach. As mentioned, a wise explanation could be the physicians' lack of expertise or insufficiency of the utilized objective parameters. The use of more objective outcome measuring tools such as CSA is recommended for the future studies. Moreover, all the study procedures, especially injections and recording the results, should be done by junior residents who are still in their dynamic state of learning. Paying attention to these details can be helpful to clarify whether the application of US guidance may improve the accuracy and efficacy of steroid injections in CTS.
Conclusion
Based on the current data, all three methods of local triamcinolone injection in non-severe CTS patients were associated with dramatic changes in symptoms, particularly in terms of pain relief. Also, a significant change in electrodiagnostic and functional variables was observed via all three approaches. Although there was no dramatic superiority in comparison to these three methods, only the midline in-plane approach led to a significant reduction in US-measured nerve size after steroid injection.
